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I SUMMARY

This project was instituted to examine the use of fly ash

in highway construction. Fly ash is considered a waste by-product

of coal-burning power plants but if properly incorporated, it

could provide a reasonable substitute to dwindling construction

material.

This report deals with the laboratory analysis of pressure

grouting characteristics using fly ash. The results indicate

three to three and one-half parts fly ash to one part Portland

cement provide higher 7-day compressive strengths. Another

indication is that grouting below slab temperatures of 55of

should not be allowed.

O 
fivo other reports pertaining to this research have already

been prepared. "Concrete Mix Design with EIy Ash" was prepared

in cooperation with the University of Arkansas at Fayetteville

and "Portland Cement Concrete Base Using Fly Ash - Job #60023",

provided further information on this subject. These reports are

available upon request.
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TRC - 76

The Use of

F1y Ash in Highway Construction

Introduction

FIy ash is a powdery by-product of the coal combustion process,

usually associated with electric Power generating plants, and is

recovered from flue gases. The chemistry of fly ash is such that

in the presence of lime and moisture, pozzoLanic properties are

exhibited, i.e., cementitious products are produced which result

in a material of increased strength and durability. These proper-

ties make some f1y ashes suitable for use as a supplement or replace-

ment for lime and/or portland cement in various construction materials.

Arkansas has available five sources of fly ash, each having its

inherent chemical and physical composition. These sources include:

White Bluff and Newark, owned and operated by Arkansas Power and

Light Co., Gentry and Casson, owned and operated by Gifford Hill

Co.; and the Oklatroma Gas and Electric (OGE) plant.

As a result of several sources available and the increase in

amount of pavement rehabilitation, the Arkansas Highway and TransPor-

tation Department initiated this research project in the summer of

1983 to study various combinations and percentages of f1y ash and

portland cement for pressure grouting mixes. This report summarizes

the various materials and test results.

Materials '

Pressure grout for pavement undersealing consists of f1y ash,

portland Cement and water. The materials are blended together too
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o obtain a flowable mixture which can be pumped through a 2 inch

drill hole in the concrete pavement to voids below the pavement.

The following paragraphs will sununarize the source of each

material.

Water

Water used shall be c1ean, potable and free from injurious

amounts of oiI, salts or other deleterious substances. The water

used for this project met all applicable requirements of Section

501 of the Arkansas State Highway and Transportation Departmentrs

1978 Standard Specifications for Highway Construction and was ob-

tained from the City of Little Rockrs Water Supply System.

Portland Cement

Portland Cement was obtained from two sources which are most

O 
commonly used and readily available within the State of Arkansas.

Both sources meet the applicable requirements of Section 50I of

the Standard Specifications.

Idea1 cement was obtained from Idea1 Cement Company in Okay,

Arkansas. The results of physical and chemical tests of a typical

sample of ldea1 cement are shown in Figure 1. This sample complied

wittr AASHTO Specification Iv185 for Type I Portland cement.

F'oremen cement was obtained from Arkansas Cement Corporation

at I'oreman, Arkansas. The results of physical and chemical tests

of a typical sample of I'oreman Cement are shown in Figure 2. This

sample complied with AASHTO Specification iv185 for Type I Portland

cement.

o
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o Fly Ash

FIy ash was obtained from five separate sources which are

available to Arkansas. All five sources met ASTM C518 Class 'C'

fly ash specifications. The fly ash sources used and locations

are as follows:

White Bluff fly ash is produced at the Arkansas Power and

Light's coal fired generating plant at White Bluff near Redfield,

Arkansas.

Newarlr fIy ash is produced at the Arkansas Power and Lightrs

coal fired generatS.ng plant at Newark near Newport, Arkansas.

Gentry f1y ash is produced at the Gifford HilI coal fired

generating plant at Gentry, Arkansas.

OGE fly ash is produced at the Oklahoma Gas and Electric

coal fired generating plant at Muskog€€, Oklahoma.

Casson fly ash is produced at the Gifford Hill coal fired

generating plant at Casson, Texas.

Initial Investisation

In 1982 and 1983, when this project was initiated, very litt1e

pavement undersealing was being performed in Arkansas with the ex-

ception of district maintenance work. Therefore, Elr investigation

was performed to determine what materials were being used and the

blends of each material, from all ten districts. The Districts

that performed undersealing operations used a sandy-silty native

soil and cement at the following proportions:

o
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District Mix

bags cement/yd3 s1
2
3
4
5
6
7
8
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0
5-2

7
3
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1

0-3
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9 No operation
10 4.0 Lags cement,/yd3 soil

Unconfined compressive strength samples were molded with various

mixtures of cement, fly ash and native soil. The iesutts of these

tests are shown in Tab1e 1. The 7-day compressive strengths ranged

from 15 psi for 3 bags fly ash : 2 bags Portland cement : I yard of

sand to 104 psi for 3 bags Portland cement : I yard sand.

From the results of these initial tests and an article pub-

lished in Transportation Research Record (TRR) No. 800, a testing
program was established for all pressure grouting jobs.

Testing Program

A testing program hras established to determine criteria for

a pressure grouting mixture. The tests included flow cone, set

times, compressive strengths, and durability testing. From the

results of TRR No. 800 and information from other State Highway

Departments, testing was performed on various mixtures of fly ash,

Portland cement, admixtures, and water.

Mixture

The various mixtures of fly ash and Portland cement consisted

of 22L,3:1, 3.5:1 and 4:1 parts of fly ash to parts of Portland
o
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o 
cement. Each batch consisted of 121000 grams dry weight of

solids. The proper proportions of fIy ash and Portland cement

were thoroughly mixed before adding water.

fhe required amount of water to produce a time of efflux of

IO to 25 seconds was poured into a 5-ga11on plastic bucket, then

the pre-mixed fly ash and Portland cement were added in three

increments. A hand-held electric drill with a paint mixing attach-

ment was used to continuously mix the sample as the fly ash and

cement were being added. After the last increment was added, the

sample was mixed for 3 minutes. Immediately after mixing, a tempera-

ture was taken and three consecutive flow cone readings were Per-

formed. The average of the three readings was specified to be

between 10 and 25 seconds. Once the flow has been adjusted properly

O the sample is molded into 4 in. x 5 in. specimens for 24 hr., 4-Day

and 7-Day compressive strengths and set times.

Durability samples were also molded, on a few samples but were

later suspended due to the difficulty that all of the moisture

could not be extracted from the specimens to determine an accurate

percentage wear loss.

Testing Procedures

Compr essive Strengths

A total of 27 specimens were molded for 24 hour, 4-day and

7-day compressive strengths. Three specimens from each time group

were cured at the following temperatures: Moisture Closet ,72oE),

Refrigerator (4Sof1, and variable outside temperatures located on

dock of Materials and Research laboratory.o
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o Set Times

Two types of set times were performed on each mixture and

curing condition. One method was the Gilmore Needle (AASHTO T-154)

which consists of a small sample which was cured under the previous

stated conditions. A needle was used to Penetrate into the sample

at various times until there was no penetration. The time was then

recorded for set. The second method, developed for this project,

determined the temperature and consistency of the interior of the

specimen.

Test Results

The results of all tests are shown in Table 2. The set times

ranged from 20 hours to 70 hours depending on the mix and curing

conditions. The compressive strengths were higher for specimens

O cured in the moisture closet. Each compressive strength shown in

Table 2 is an average of three specimens. The specimens cured in

the refrigerator and on the dock were considerably weaker than

the specimens cured in the moisture closet.

Additives

Various air entraining agents or water reducers were used with

a 3 part fly ash to 1 part Portland cement mixture to determine

their effects on the mixture. Additives that were used include

344N, WRDA-I9, and LL.

The additives were added to the mix water before the solids

were introduced. The results of these tests are shown in Table 2.

As set time decreased, the 7-day compressive strengths also de-

O creased. As a result of these tests, further testing with additives

was suspended.
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o

Conclusions

1. In all mixtures the 7-day compressive strengths of 3:1 and

3.5:l produce higher strengths.

2. The set times were much longer for samples cured in the

refrigerator and on the dock than in the moisture closet.

3. Additives used to help reduce set times during colder weather

were successful, but they also drastically reduced the 7-day

compressive strengths.

4. Curing temperature under the pavement slab is a major factor

that affects grout mixture performance.

o
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Recommendations

On the basis of the limitations of the test procedures and

for the range of materials and conditions utilized in this investi-

gation, the following recoilrmendations are warranted:

1. Submit proper amounts of fly ash and Portland cement to the

Materials and Research Laboratories for a pressure grout

design.

2. Grouting of concrete pavements with slab temperature below

55or should not be alIowed.

3. Specify a minimum of 4 days for proper curing of the grout.

o
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